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The technologies of biomass gasification, ground source heat pump, fuel cell and 
gas turbine combined cycle have received much attention in recent years from 
scholars and research institutions for their clean, energy efficient and environmentally 
friendly features. There have been a few studies on these technologies, however the 
research on the combined system with these technologies integrated together are in its 
infancy, a lot of problems and challenges still remain. The design of system structure, 
as well as the integration and coupling of different units and components need further 
in-depth analysis and investigation. 
Therefore the combined cycle of biomass gasification fuel cell - gas turbine and 
ground source heat pump (BGFC - GT - GSHP) has been proposed as an integrated 
system in this thesis. The key components and processes of the system, including the 
biomass gasification unit, fuel cell, gas turbine, heat pump, buried pipe unit, interface 
unit, etc., have been modeled in gPROMS. The system feedstock, products and 
material interfaces of various units have been defined and modeled, based on which 
different unit components have been connected and integrated to simulate the 
processes on a system level. Furthermore, the combination strategies of the BGFC-GT 
and ground source heat pump system as well as the schematic design of this combined 
cycle have been investigated. And the operation modeling and dynamic simulation of 
the integrated system model has been finished. 
In the present thesis, the combined cycle, especially the key components of the 
ground source heat pump, which include compressor, evaporator, expansion valve and 
condenser, as well as its processes and interfaces such as the interface between the 
buried pipes and heat pump, the interface between the heat pump and loads, have been 
modeled specifically. In the buried pipe unit of the ground source heat pump, the heat 
transfer mechanism of the horizontal buried pipe has been studied by using advanced 
three-dimensional heat transfer model. The temperature field with three dimensions, 
i.e., the length, radius and phase angle of buried pipes, has been established. The 
dynamic heat transfer model of the buried pipes have been developed, taking into 
account the effect of seasonal changes. Moreover, the discrete method of the system 














of the forward-difference, backward-difference and central-difference schemes, the 
forward difference and backward difference have been used in the calculation of the 
buried pipes respectively to improve the accuracy of calculation. On the basis of the 
above work, the unit models have been connected through electrical/thermal coupling, 
which enables us to achieve the integrated whole-system process modeling and 
systematic performance simulation of the combined cycle. 
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